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Noninvasive diagnosis of renal artery stenosis by echo.Doppler velo-
cimetry. We evaluated the diagnostic accuracy of ultrasonic echo-Dop-
pler velocimetry for the noninvasive diagnosis of renal artery stenosis.
Renal artery stenosis was diagnosed if one or more of the following
four abnormal hemodynamic parameters were found by Doppler ye-
locimetry: (1) peak blood velocity greater than 100cm' sec in a fo-
cal area along the length of a renal artery, (2) absence of blood veloc-
ity during diastole, (3) absence of any detectable blood velocity denot-
ing occlusion, or (4) broad-band Doppler frequency spectra due to fo-
cal blood velocity disturbances. With these criteria, the presence or ab-
sence of renal artery stenosis was blindly evaluated in 26 patients (52
arteries) who underwent standard or digital subtraction angiography.
Compared to arteriography (reduction in diameter  50%), the sensi-
tivity of Doppler method was 89%, while its specificity was 73%. This
noninvasive method may be useful in selecting patients for radio-
graphic evaluation of renal artery stenosis and in the long term follow-
up of these patients. Furthermore, echo-Doppler velocimetry may have
the unique capability of assessing the hemodynamic consequences of
renal artery stenosis.
Diagnostic noninvasif d'une sténose de l'artère rénale par vélocimétrie
par echo-Doppler. Nous avons évalué la precision diagnostique de Ia
velocimetrie ultrasonique par echo-Doppler pour le diagnostic nonin-
vasif d'une sténose de l'artère rénale. Une sténose de l'artère rénale a
ete diagnostiquée si l'un ou plus des quatre paramètres
hémodynamiques anormaux était trouvé par vélocimétrie au Doppler:
(1) un pic de vélocité sanguine supérieure a 100 cm' sec1 dans une
surface focale sur le trajet d'une artère rénale, (2) l'absence de vélocité
sanguine pendant Ia diastole, (3) l'absence de toute vélocité sanguine
detectable prouvant une occlusion, ou (4) un spectre de frequence Dop-
pler de large étendue dQ a des perturbations de la vélocité sanguine fo-
cale. Avec ces critères Ia presence ou l'absence d'une sténose de
l'artère rbnale a été évaluée en aveugle chez 26 malades (52 artéres)
qui ont subi une angiographie standard ou après soustraction digitale.
Par comparaison a l'arteriographie (reduction de diamètre  50%), Ia
sensibilité de Ia méthode au Doppler était de 89%, tandis que sa
spCcificite était de 73%. Cette méthode noninvasive pourrait étre utile
pour sélectionner les malades en vue de l'évaluation radiographique
d'une sténose de l'artère rénale et pour le suivi a long terme de ces
malades. En outre, Ia vélocimétrie par echo-Doppler pourrait avoir Ia
capacité unique de prCciser les consequences hemodynamiques d'une
stCnose de l'artère rénale.
The major clinical consequences of hemodynamically signifi-
cant renal artery stenosis include a reduction in glomerular fil-
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tration, ischemic renal damage, and hypertension [1]. At
present, renal artery stenosis is diagnosed mainly by intra-
venous pyelography, isotope renography, or renal arteriogra-
phy [21. Each of these methods has advantages and disadvan-
tages. Although intravenous pyelography is relatively nonin-
vasive and innocuous, it has 11% false positive and 22% false
negative results [3]. Similarly, isotope renography also has 25%
false positive and 24% false negative results [31. Thus, their
value as a screening procedure to detect renal artery stenosis
is limited. Presently, the only definitive methods to diagnose
renal artery stenosis are either standard or digital subtraction
angiography [4]. The negative aspects of these invasive or
minimally invasive procedures include the potentially undesir-
able effects of the radioopaque contrast material, the inherent
projection limitations of angiography, the relatively high ex-
pense, and the exposure to ionizing radiation [5]. In recent
years, the therapeutic goals of correcting renal artery stenosis
have been expanded to include preservation of renal function
in addition to the amelioration of hypertension [6]. Since these
lesions are potentially correctable, the development of safe and
accurate methods of identifying patients with a high probabil-
ity of having significant renal artery stenosis continues to be
important.
In general, the hemodynamic consequences of arterial ob-
sti-uctions can include the development of a pressure gradient,
decreased flow, jet stream effect, or turbulence [7]. The jet
stream effect and nonlaminar flow disturbances, including tur-
bulence, reflect changes in the velocity profile within and dis-
tal to a stenotic region. The increased velocity in a stenotic re-
gion (jet stream effect) and the nonlaminar disturbed flow re-
gime (including turbulence) in poststenotic segments can be de-
termined by Doppler ultrasonic methods [8] and are used ex-
tensively to noninvasively detect vascular lesions in the periph-
eral and cerebral vascular systems [9, 101. For abdominal ves-
sels, such as the renal arteries, echo-Doppler velocimetry may
also be useful to define regional blood flow characteristics. We
have previously reported the hemodynamic characteristics of
blood flow in normal human renal arteries [111. Utilizing simi-
lar methodology, we evaluated the accuracy of echo-Doppler
velocimetry in diagnosing renal artery stenosis based on the ab-
normal hemodynamic characteristics of renal artery blood
flow. Patients were studied noninvasively without knowledge
of the results of angiography to determine the specificity and
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Fig. 1. The plane of ultrasonic imaging utilized to image the renal ar-
teries in their long axis. It should be noted that usually only one artery
could be imaged at one time. The sample volume (SV) was positioned
in the lumen of the imaged artery, along the Doppler beam depicted
by a line in the plane. The angle between the Doppler beam and the
long axis of the artery was the Doppler angle (0).
sensitivity of echo-Doppler velocimetry to detect hemodynami-
cally significant ( 50% diameter reduction) renal artery stenosis.
Methods
instrumentation. We used a real-time echo-Doppler duplex
scanner model Mark V (Advanced Technology Laboratories,
Bellevue, Washington). The theoretical and technical aspects
of the instrumentation have been reported previously [12, 13].
Briefly, a commercially available real-time two-dimensional 90°
ultrasonic sector imager allows imaging of abdominal vessels
(Fig. 1). A range-gated pulsed Doppler velocimeter is com-
bined with the sector imager and allows detection of Doppler
audio frequency spectra generated by blood velocities within
the imaged vessel. An on-line fast Fourier transform (FFT) au-
dio spectrum analyzer is used to calculate and display the Dop-
pler frequency spectra [14]. Both the imaging and Doppler sys-
tems are operated at 3.0 or 5.0 MHz and are connected to a
single scanhead. The Doppler beam axis is displayed and can
be moved to any location within the 90° imaged sector. The
volume at which the velocities are to be measured (sample vol-
ume) can be electronically placed at any given point 3 to 17 cm
along the Doppler beam. The sample volume, Doppler beam
axis, and the real-time image are all displayed on one video
monitor. Importantly, the axial dimensions of the sample vol-
ume can be varied to match the lumen diameter (3 to 5 mm) of
the imaged vessel [15]. The lateral dimensions of the sample
volume are determined by the beam width (3 to 5 mm) which
allows uniform insonification of the renal artery [121. Both the
imager and velocimeter have internal calibration signals in
units of centimeters and cycles per sec (Hz), respectively.
Real-time or freeze-frame sector images, directional Doppler
frequency spectra, electrocardiogram, and an identifying voice
track are simultaneously recorded on a video-tape recorder. A
footswitch control allows any of the real time or recorded sig-
nals to be displayed in a hard copy form by a fiberoptic
recorder.
In vitro validation of the instrument. The in vitro validation
of this instrumentation has been detailed elsewhere [11].
Briefly, a suspension of cellulose particle' in distilled water(l g/
liter) was circulated through a latex tube (4.0 mm ID, 4.5 mm
OD) in a constant pressure flow tank. Flow velocities were
calculated by timed collections using a stopwatch and graduat-
ed cylinder (velocity = flow -t- area). Velocities were controlled
to approximate the range of velocities (0 to 115 cm sec) in
normal human renal arteries. Doppler angles (0) used in vitro
were similar to those utilized for in vivo studies (40 to 70°).
Results have shown an excellent correlation between actual
velocities and velocities determined by echo-Doppler veloci-
metry (r = +0.98). The slope of the regression equation was
+0.98 with a small y-intercept (1.0 cm sec1) and SE of the
estimate (1.7 cm sec).
Subjects. Sixty-eight patients who were being treated for
hypertension were studied by the noninvasive echo-Doppler
method when one or more of the following clinical features was
encountered: (1) audible abdominal bruit; (2) rapidly worsen-
ing hypertension which could not be medically managed; and
(3) increasing serum creatinine (greater than 2 mg % increase
in serum creatinine in 2 months) for which no other etiology
was apparent. The echo-Doppler studies were performed with-
out the knowledge of the clinical or radiographic features of the
patients. A renal artery was considered to be stenosed if the
arterial diameter was focally reduced by 50% or more by
angiography.
in vivo measurement procedure. All subjects were studied in
the supine position and after an 8-hr fasting state. Fasting mini-
mized the interference to ultrasonic signals due to the stomach
and bowel gas. The optimal acoustic window was generally ob-
tained 2 to 3 cm caudal to the end of the xyphoid process along
the centerline of the abdomen [11]. Initially, the abdominal
aorta was imaged along its long axis and a parallel segment of
anteriorly located superior mesentric artery was visualized.
Using these anatomical features as landmarks, the scanhead
was rotated 90°. By moving the scanhead superiorly and infe-
riorly in the frontal plane, a cross-section of abdominal aorta
and vena cava were imaged. Importantly, with the addition of
the Doppler capabilities of the instrument, the distinction be-
tween arterial and venous vessels is easily made since the flow
velocity signals differ markedly [161. After the visualization of
abdominal aorta in a cross section, the scanhead was relocated
until the long axis views of one or both renal arteries were ob-
tained [17]. Subsequently, the sample volume was electroni-
cally placed within the lumen of the imaged renal artery near
the origin as shown schematically in Figure 1. Identification of
a renal artery was confirmed by the anatomic relationship with
the abdominal aorta and other abdominal vessels. The pres-
ence of the characteristic pulsatile flow pattern of the renal ar-
tery with its normally high diastolic blood velocity assisted in
vessel identification [II]. The variable sample volume was ad-
justed to allow uniform insonification of blood from the ante-
rior to the posterior wall of the vessel [11, 14]. All imaged por-
tions of each renal artery were examined systematically to
record Doppler shift frequency spectra.
Measured variables, From the carefully controlled sample
volume, a minimum of five spectral waveforms (sf) were re-
corded. Doppler angles (0) were measured from hard-copy
fiberoptic images by calipers (± 1°). The flow direction was as-
P
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sumed to be streamlined and parallel to the imaged vessel
walls. The interoperator variability of the measurement of 6
was shown to be within 30 which, at an angle of 600, can in-
troduce an error of less than 10% in the calculation of veloc-
ity. The average value of two determinations of 6 was used in
the subsequent calculations of blood velocity.
Calculated variables. Using the average value of 0 and five
digitized cycles of M, an off-line microprocessor system cal-
culated, averaged (± SD), and printed the following variables:
(1) the blood velocity spectra (V) using the Doppler equation,
M•C
-V = (cm sec 1)2 f• Cos 0
where M is the FFT generated spectrum waveform (Hz) rep-
resenting the blood velocities in the sample volume, C is the
velocity of sound in blood (1.54 x l0 cm sec'), f is the fre-
quency of sound transmitted (3 or 5 MHz), and 6 is the Dop-
pler angle (degrees); (2) the maximum blood velocity in the car-
diac cycle (Vm).
Hemodynamic criteria utilized to indicate renal artery ste-
nosis. Alterations in the hemodynamic parameters were arbi-
trarily selected based on the previously determined hemody-
namic variables in normal renal arteries 1111. Thus, the pres-
ence of one or more of the following abnormal blood velocity
characteristics was taken to indicate renal arterial stenosis:
(1) Vm > 100 cm sec due to the convective increase in
V within an area of focal stenosis;
(2) absence of V during diastole due to an increase in vas-
cular impedance created by a suspected hemodynamically sig-
nificant stenosis;(3) absence of any detectable V due to a suspected
occlusion;
(4) broad-band V due to blood velocity disturbances (turbu-
lence) created by a focal stenosis.
Results
Of the 68 consecutive patients included in this investigation
(Fig. 2), the noninvasive study was considered to be techni-
cally inadequate in 11 patients (16%) even after repeated stud-
ies. The noninvasive study was considered to be inadequate
when images of vessels with the appropriate anatomic location
to the aorta and other abdominal vessels could not be obtained
and/or when the sample volume could not be positioned ad-
equately within the lumen of an imaged vessel to allow a mini-
mum Doppler audio signal-to-noise ratio of approximately 20:1.
Reasons for inadequate echo-Doppler studies include the pres-
ence of bowel gas, extreme obesity, significant vessel calcifi-
cation, and ascites.
Seventeen (30%) of the remaining 57 patients required two
separate studies to obtain a technically adequate echo-Doppler
study. At the discretion of the referring physician, angio-
graphic evaluation of renal artery was performed in 26 patients
(52 vessels). In 31 patients, angiography was not ordered by
their referring physicians for a number of reasons such as age,
refusal by patients to undergo angiography, or advanced dia-
betes. In the group of patients who underwent angiography
(eight females), ages ranged from 26 to 83 (mean age = 52
15). The noninvasive procedure was performed without know!-
edge of the angiographic results. Results of the echo-Doppler
Fig. 2. A flow diagram of patients included in this study. The ultra-
sonic study was technically inadequate in 11 (16%) patients. The re-
suits of Doppler studies in 26 patients who had both studies are pre-
sented in the right lower corner, indicating true positive (TP), true
negative (TN), false positive (FP), and false negative (FN). Specificity
(spec), sensitivity (sen), positive predictive accuracy (PPA), and nega-
tive predictive accuracy (NPA) are compared to arteriography.
procedure in patients who did not undergo angiography were
similar (13 positive, 18 negative) to those who underwent
angiography.
Figure 3 demonstrates angiographic and echo-Doppler re-
sults in a patient with angiographically normal renal arteries.
The frequency spectra and velocity data in this example dem-
onstrate typical blood velocities in normal renal arteries. The
normal renal blood velocities include a maximum systolic ve-
locity of less than 100 cm sec , the presence of diastolic ve-
locity, and a relatively narrow-band Doppler frequency spec-
trum. Figure 4 is an example of the hemodynamic conse-
quences of renal artery stenosis which can be detected using
echo-Doppler noninvasive techniques. The Doppler shift fre-
quency spectra shows peak systolic velocities greater than 100
cm sec and a broad-band, high energy Doppler frequency
spectrum. Due to an occluded contralateral renal artery, dis-
turbed velocities persisted throughout the cardiac cycle sug-
gesting compensating flow through the remaining, stenotic re-
nal artery.
The frequency with which the four abnormal hemodynamic
criteria occurred in the 52 vessels which were studied angio-
graphically is detailed in Table 1. Diagnostic results on the ba-
sis of each individual criteria are also shown. It can be seen
from Table 1 that the focal increase in velocity (jet lesion),
broad-band Doppler frequency spectra indicating disturbed,
nonlaminar flow or turbulence, and absence of flow in an ar-
tery imaged in the appropriate anatomic location, were highly
specific, but not very sensitive. The remaining criterion, ab-
sence of diastolic flow, was relatively sensitive, but less spe-
cific. The lower specificity of this criterion might be expected
because reduced diastolic flow in the renal artery reflects an
overall increase in vascular impedance. Whether the increased
68
Consecutive patients
suspected RVH
11
Technically
inadequate
study
57
Technically
adequate
study
31
No angiographic
correlate
26 (52 vessels)
Angiographic correlates
(5g0/ diameter reduction)
23 TP-Sen 89%
19 TN-Spec 73%
7 FP-PPA 76%
3 FNNPA 86%
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Fig. 3. Composite showing (top) normal renal arteriogram; (middle)
freeze-frame, two-dimensional ultrasonic transverse section image;
and (bottom) blood velocity less than 100 cm sec' with ample dias-
tolic velocity consistent with the low impedance of the renovascular
bed. It should be noted that the ultrasonic image is used to determine
anatomical landmarks and as a guide for velocity measurements. The
velocity waveform is displayed below the baseline to indicate that the
direction of blood flow is away from the Doppler Beam axis. Abbre-
viations used are: abdominal aorta (AA), superior mesenteric artery
(SMA), left renal artery (LRA), and inferior vena cava (IVC). The ar-
row points to the sample volume (SV).
vascular impedance results from an obstructive lesion of the
main renal artery or from disease involving the distal vascu-
lature [71 cannot be determined at this time.
It should be noted that structural alterations in the artery
were not utilized in the assessment of renal artery patency in
this study. Only the hemodynamic characteristics of renal ar-
tery blood velocity in imaged vessels were used to evaluate re-
nal artery status. Furthermore, attempts to calculate renal
blood flow [111 were not undertaken due to uncertainties in the
measurement of vessel diameter and average flow velocity in
or near stenotic vessels [13, 18].
The sensitivity, specificity, and positive and negative predic-
tive indices for the noninvasive Doppler method [19] are shown
in Table 2. The results from other studies using intravenous
Fig. 4. Composite showing (top) stenotic right renal artery (RRA) and
a completely occluded left renal artery in an arteriogram; (middle)
freeze-frame, two-dimensional ultrasonic transverse Section image;
and (bottom) blood velocity spectra obtained from the same patient.
Note the peak velocity is in excess of 100 cm sec - with high en-
ergy, broad-band Doppler spectra, indicating a focal flow disturbance
due to the arterial narrowing. No velocity signals were obtained con-
tralaterally, indicating occlusion. In this example of disturbed flow, the
Doppler velocity spectra have been displayed above the baseline even
though the flow direction is away from the beam axis. Abbreviations
are: abdominal aorta (AA), superior mesenteric artery (SMA), and in-
ferior vena cave (IVC).
pyelograms and isotope renography to diagnose renal artery ste-
nosis [3] are also included in this table. Comparison of these
noninvasive tests shows Doppler velocimetry to be more sen-
sitive (89%) and less specific (73%) than intravenous pyelogra-
phy. The noninvasive Doppler velocimetry is more sensitive
and equal in specificity to isotope renography.
Discussion
Recent advances in medical ultrasound may allow the nonin-
vasive description of systemic and regional blood velocity and
flow [20]. The combination of ultrasonic imaging and pulsed
Doppler techniques can be used for the noninvasive determi-
nation of Doppler frequency spectra and Doppler angles to cal-
Table 2. Comparison of sensitivity and specificity of three screening
procedures for the diagnosis of renal artery stenosisa
Intravenous Isotopic Doppler
pyelography renography velocimeter
% % %
Sensitivity 78 76 89
Specificity 89 75 73
Positive predictive index 68 49 76
Negative predictive index 92 91
a The specificity and sensitivity of three procedures (as compared tc
angiography) which are utilized in the diagnosis of renal artery stenosis
are compared. Data for intravenous pyelography and isotopic renogra-
phy were taken from [3]. Sensitivity, specificity, and predictive indices
were calculated as per [19].
culate velocity, according to the Doppler equation. These ultra-
sonic techniques allow qualitative and quantitative analysis of
blood velocity in normal and diseased vessels and are clini-
cally used for the diagnosis of peripheral vascular and cer-
ebrovascular disease [9, 10]. These same noninvasive tech-
niques may also be clinically useful in the determination of re-
nal artery stenosis if the hemodynamic disturbances in deep-
seated abdominal vessels can be assessed.
We used four hemodynamic variables to indicate renal ar-
tery stenosis. These hemodynamic variables were defined as
abnormal on the basis of previously reported observations on
the characteristics of renal blood flow in normal renal arteries
[111. Presence of any one or more of these abnormal hemody-
namic variables was taken to indicate a hemodynamically sig-
nificant renal artery stenosis. A focal increase in the velocity
(greater than I SD above the mean velocity in normal subjects
(that is, >100 cm/sec) along the length of the renal artery was
found in 25% of patients (Table 1). As can be seen from Table
1, this finding is highly specific, but was not very sensitive.
Since stenosis frequently occurs at the renal artery orifice or
within the proximal one-third of the length of renal arteries in
renal arteriosclerosis [21], we anticipated finding the focally in-
creased velocity (jet lesion) more often. The relative in-
frequency of this finding may have resulted from our inability
to locate and measure flow velocity spectra in the proximal part
of the renal arteries. An alternate explanation may be failure
to include the jet lesion within the sample volume.
Nonlaminar or even turbulent flow may occur in the post-
stenotic segment of an artery, and is a cause of high energy,
broad-band Doppler frequency spectra [15, 20]. Table I shows
that the presence of broad-band Doppler frequency spectra was
also specific, but not very sensitive. The application of fast
Fourier transform spectral analysis has been a major develop-
ment in signal processing designed to present audible broad-
band Doppler frequency spectra in a gray scale format. Clini-
cal investigators have used gray scale characteristics, such as
determining spectral windows [13], in attempts to quantitate
broad-band Doppler frequency spectra resulting from obstruc-
tive vascular lesions. Because of the difficulty in determining
abnormal spectral characteristics with precision in subjects
with normal renal artery flow, the audible Doppler frequencies
at the time of each examination were interpreted to subjec-
tively determine the presence or absence of broad-band Dop-
pler frequency spectra, Observer caution in interpreting the au-
dible signals may have resulted in the low sensitivity of this cri-
terion in our study. Improved standardization of gray scale for-
mats (that is, gain settings) or use of power spectra may im-
prove the diagnostic capabilities of this criterion by evaluating
a quantitative interpretation of audio signals.
Normally, renal vascular impedance is low; thus, high dias-
tolic flow exists in the renal vascular system which is similar
to the flow dynamics in the cerebrovascular system [10]. A sig-
nificant increase in impedance anywhere in the renal vascular
bed will result in reduced diastolic flow in renal arteries [7].
Therefore, absence of flow in the renal arteries during diastole
can result not only from a stenotic arterial lesion, but also is
expected to occur when renal vascular impedance increases
from the diseases affecting the smaller branches of renal arte-
rial system. Consequently, this criterion was found to be more
sensitive, but less specific, for the diagnosis of renal artery ste-
nosis as compared to the other three criteria.
The last criterion, absence of velocity in an imaged vessel.
is the most difficult to evaluate objectively. This criterion is ex-
tremely operator-dependent and requires not only expertise in
recognizing abdominal vessels and their flow patterns, but also
a systematic and thorough examination routine. This criterion
was very specific but not sensitive for the diagnosis of renal ar-
tery stenosis. The high specificity probably results from the
operator's decision regarding the technical adequacy of a
study. If a vessel in the appropriate anatomical location was
poorly visualized and there were no audible velocity signals,
defining this as a technically inadequate study would minimize
false positive studies and improve specificity.
Using the presence of any one or more of these four ab-
normal hemodynamic parameters as the criteria for renal ar-
tery stenosis, the overall sensitivity of echo-I)oppler velocime-
try was 89% and the specificity was 73%. The positive predic-
tive and negative predictive indices were 76 and 86%, respec-
tively. A comparison of this noninvasive technique with the re-
sults of other studies [3] examining the accuracy of intra-
venous pyelography and isotopic renography (Table 2) shows
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Table 1. Occurrence rates (frequency), true and false positivity, true and false negativity, sensitivity and specificity of each of the four
hemodynamic criteria indicating a stenosis
Frequency' Sensitivity Specificity
Criteria (%) TP FP FN TN (%) (%)
Vm>I00cmsec (jet effect) 25 II 2 15 24 42 92
No diastolic V (high impedance) 54 20 6 7 20 77 77
No V in cycle (complete occlusion) 21 8 3 18 23 31 88
Broad-band V (disturbed velocities) 35 14 4 12 22 54 85
The frequency column indicates the occurrence of the criteria in percent; true positive (TP), false positive (FP), false negative (FN), and true
negative (TN) are given as numbers. More than one criterion was present in many patients which accounts for the total frequency exceeding 100%.
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echo-Doppler velocimetry to be more sensitive but less spe-
cific than these other noninvasive tests. Although intravenous
pyelography and isotope renography have been found to be
much less sensitive and specific in other studies [22—24], we
have chosen to compare our results only to a report in the lit-
erature where the intravenous pyelography and renography
were found to be most favorable [3]. Further comparison
shows that ultrasonic testing resulted in a higher positive pre-
dictive index (76%) and a comparable negative predictive in-
dex (86%). A high sensitivity and negative predictive index
(that is, low number of false negative results) are important
characteristics in a test used in screening for disease. The re-
suits of our study suggest that noninvasive echo-Doppler ye-
locimetry may be more useful than intravenous pyelography or
isotopic renography in selecting patients suspected of having
renal artery stenosis for invasive diagnostic confirmation.
Recent observations suggest that the correction of renal ar-
tery stenosis may be important in preserving residual renal
function as well as in the treatment of hypertension [6]. Since
renal artery stenosis is potentially correctable with surgery or
balloon dilatation [25], detection and definition of the he-
modynamic consequences of renal artery stenosis are impor-
tant. An accurate noninvasive technique could be useful to aid
the clinician in selecting patients for angiographic studies. It
should be pointed out that this application of Doppler ultra-
sonic methods requires careful and systematic examination
techniques. Therefore, the accuracy and reproducibility of re-
sults obtained using presently available instrumentation are op-
erator-dependent. However, the advantages of this noninvas-
ive technique may include the ability to determine the func-
tional or hemodynamic significance of renal artery stenosis.
Also, since the method is noninvasive and nonionizing and can
be repeatedly performed by portable, relatively inexpensive in-
struments, it may be useful in following the natural progres-
sion of lesions in patients known to have renal artery stenosis
[26]. Although encouraging results of the application of Dop-
pler ultrasonic techniques in an animal model of renal artery st-
enosis have been recently reported [271, more experience with
the Doppler method by other investigators will be needed be-
fore the clinical value of this procedure is established. With fur-
ther experience and improvements in instrumentation, this pro-
cedure may become clinically useful in detecting renal artery
stenosis in a manner similar to the successful application of
Doppler ultrasonic techniques in detecting hemodynamically
significant peripheral vascular and cerebrovascular disease.
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